That hypocalcemia may occur accompanying or following dehydration in infants has been stressed by Rapoport (1, 2) . Several possible mechanisms have been suggested to explain this phenomenon. Rapoport considered the hypocalcemia part of the "post-acidotic syndrome" and thus a part of a readjustment phase following treatment. Hyperphosphatemia secondary to renal impairment could contribute to hypocalcemia as could rapid dilution of the extracellular fluid during therapy. A study of infants with hypernatremic dehydration revealed that hypocalcemia often appeared in this condition prior to therapy and that hyperphosphatemia was not a necessary concomitant (3) . Further examination of the data suggested that the serum calcium concentration showed a roughly inverse correlation with the serum sodium concentration. Thus hypernatremia per se might be a major causative factor of this hypocalcemia. This report deals with an experimental approach to test the latter hypothesis.
METHODS
The experimental plan was to thirst young rats for a period and then inject sodium salts intraperitoneally; subsequently the animals were to be bled and analyses performed on serum and carcass for electrolytes.
The animals used in the experiments were male albino rats of the Wistar strain weighing between 100 and 200 grams and fed a standard diet. The composition of the diet was: casein, 250 gm., corn starch, 510 gm., vegetable oil, 149.5 gm., Brewer's yeast, 50 gm., U.S.P. salt mixture No. 14, 40 gm., and percomorph liver oil, 0.5 gm. The low potassium diet used in some of the experiments was obtained from Nutritional Biochemicals Corporation.
The intraperitoneal solutions injected (100 ml. (3, 4) . Sera and urines were analyzed for Na, Ca, Cl, K, Urea N, and osmolarity.
The latter determination was made using the Fiske osmometer. In addition P, protein, CO2 content, and water determinations were performed on the serum. Calcium determinations throughout this study were performed by the method of Harrison and Harrison (5) . Carcass analyses were performed by drying the skinned carcass to constant weight and then grinding the dried skin and carcass.
The resultant material was thoroughly mixed and duplicate aliquots were analyzed following ether extraction of the fat. Sodium and potassium were determined by flame photometry after dry ashing. Calculations of the extracellular concentrations of ions were made by correcting for serum water content and by multiplying cation and dividing anion concentrations by the Donnan factor of 0.96. The carcass content of Na, K, and Cl are expressed as mEq. per 100 gm. of fat free solids. Tissue nitrogen is expressed as gm. per 100 gm. of fat free solids. The chloride space (used as an approximation of extracellular fluid) is calculated from the total chloride content of the carcass and the extracellular chloride concentration.
In these experiments the intestinal tract and its contents were included in the carcass analyses in all groups. To assess the possible role of the intestinal content five control animals were analyzed after removal of intestines and compared to five animals simultaneously analyzed 434 (6) found that when rats were fed a diet deficient in magnesium intracellular potassium deficit was not accompanied by an increased intracellular sodium such as occurs on a low potassium, high sodium diet. When the intraperitoneal hypertonic Na solutions were given to the potassium deficient animals hypernatremia and hypocalcemia occurred with concentrations of calcium uniformly less than 9 mg. per 100 ml.; there was a further striking reduction in K/N ratio; and finally the Na/K ratio showed the expected marked increase. The experiment indicated that potassium deficiency without sodium excess was not responsible for the observed hypocalcemia.
To test whether sodium excess without potassium deficiency would result in hypocalcemia, another experiment was done in which potassium was added to the sodium loading solution. Seven rats receiving the stock diet were thirsted and injected with the hypertonic Na + K solution. The second and third lines of Table III compare the results in these animals with those in which the hypertonic Na solution was given. The animals given added potassium were hypernatremic but not hypocalcemic; there were no significant differences in the chloride spaces between the two groups; the animals receiving Na + K had normal or increased K/N ratios; and the Na/K ratio is nearly that of the controls despite an absolute increase in carcass sodium. The average value for this sodium was 28.5 mEq. per 100 gm. fat free solids, a clear cut increase over the control value of 21.4 in Table I. No pH determinations were done in these experiments; however, CO2 content determinations showed no differences between thirsted controls and the hypertonic Na loaded animals. Values ranged from 16 to 20 mEq. per L. except in animals which had received the potassium free diet. In the latter animals CO2 levels ranged from 25.8 to 31.4 mEq. per L. again with no differences between the hypertonic Na group and the "controls."
The influence of the serum phosphate concentration may be evaluated by the figure in which the concentration of serum calcium is plotted against the serum phosphorus level for these groups of animals: hypertonic Na loaded, hypertonic Na + K loaded, and thirsting uninjected controls. As previously indicated the animals of the hypertonic sodium group show serum calcium concentrations which are all below 9 mg. per 100 ml. while the others are all greater than this level.
On the other hand the serum phosphorus concentrations show considerable overlapping indicating it is not the causative factor for the differences noted in calcium.
Urine examination showed no quantitative differences in calcium excretion between hypocalcemic animals and control animals in those experiments where the experimental design resulted in similar urinary volume for the periods studied. Stools were scanty in all groups. Fecal calcium analyses in a few control and hypocalcemic rats revealed no differences.
DISCUSSION
This series of experiments suggests that an increase in body sodium in the rat will produce a temporary hypocalcemia, provided there is a concomitant body potassium deficiency; neither an excess of sodium nor a deficiency of potassium occurring independently produced this effect. In these experiments the hypocalcemic effect was seen only when the Na/K ratio of the total body was 1.0 or greater. The predisposing effect of potassium deficiency in the development of hypocalcemia in rats following sodium loading has a possible counterpart in infants with hypernatremic dehydration. Rapoport, Dodd, Clark, and Syllm (1) described infants in the recovery phase of diarrheal disease who were hypocalcemic and hypokalemic. A number of the infants with hyper- natremic dehydration studied by Weil and Wallace (7) as well as some of those studied in this clinic (3) had hypokalemia even during periods of marked urea nitrogen retention.
The infant with hypernatremic dehydration does not necessarily have hypocalcemia (3) . While most such infants probably often have a reduced body sodium content it is possible that some may actually have sodium contents in excess of normal because of previous excessive dietary or therapeutic intake. At present it would be merely speculative to implicate an absolute sodium excess in such infants, or to say that these are the ones who become hypocalcemic. Some of the patients have become hypocalcemic after the administration of large amounts of sodium salts. Depletion of potassium which was found to be a necessary condition in the experimental animal for the occurrence of hypocalcemia seems a probable part of the usual picture of hypernatremic dehydration in the infant (1, 3, 7) . The mechanism whereby the potassium acts is not clear.
The concentration of calcium in the extracellular fluid is determined by a number of influences. In this study there appears to be no concern with the portion of calcium bound by serum protein since no differences in protein occurred among the various groups of animals. Changes in intestinal absorption seem unlikely to be significant since little or no food was ingested by the rats once the thirsting period began. Excretion of calcium in the urine showed no differences between the hypocalcemic animals and the others. Thus rapid calcium excretion also seems unlikely to be a factor in this study.
The data suggest that the effect demonstrated by this study results from an alteration in the equilibrium point of the balance between extracellular calcium and the skeletal calcium. The steady state between dissolved calcium and calcium of bone salt probably involves cellular activity of skeletal tissue as well as a physico-chemical equilibrium between solution and solid phases. Parathyroid hormone and vitamin D probably influence the cellular activity involved, but the present data are not adequate to show whether the effect might be mediated through a disturbance in those systems. Sodium is considered to accumulate on the surfaces of bone crystals and this sodium is known to act as a sort of flexible sodium reservoir under conditions of physiologic disturbances of electrolyte equilibrium (8, 9) . Sudden increases in sodium content of bone surface may well play an interfering role in the maintenance of calcium homeostasis. No data bearing on this point are contained in the present study. Moreover the "protective" role of the potassium would be difficult to explain since the sodium content of the Na + K loaded animals is as high as those loaded with hypertonic Na. Additional experiments are needed to further elucidate the mechanisms involved. Thirsting rats injected with hypertonic sodium solution become hypocalcemic concomitant with a rise in total body sodium and a fall in body potassium. Neither extracellular dilution nor phosphate retention were important factors in producing this effect. Sodium excess alone or potassium deficiency alone does not result in the hypocalcemia. The total body sodium was equal to or greater than the total body potassium (measured in milliequivalents) in the animals which developed hypocalcemia. It is suggested that the hypocalcemia results from an alteration in equilibrium between extracellular and skeletal calcium.
